Chestnut cultivation and production in Spain has employed grafted seedlings from selected local cultivars. Previously, we have characterised the Spanish cultivars by morphological and molecular markers. We are presenting in this paper the proximate analysis and mineral content for the main Spanish cultivars. A total of 131 samples were collected from 47 cultivars in six important Spanish chestnut production regions; located in the North such as Asturias, Castilla-León (El Bierzo) and Galicia; in the Central such as Extremadura and in the South such as Andalucía; as well as the Canary Islands, the southermost part of Spain near to North Africa. High variability in chemical composition between cultivars and regions corresponded to the high genetic variability between cultivars. Correlations with environmental parameters were low, indicating that differences found between regions were probably reflecting the differences between cultivars. In Central and Southern Spain, some cultivars presented lowest moisture content due to the low summer rainfall in these regions. Differences in starch and total sugar contents were high and were negatively correlated with each other. There was no negative correlation between nut size and total sugar content. Lowest values of fibre content and ease of digestibility were found in cultivars from Galicia and Extremadura. No significant differences in Fe, Zn and Cu were found although Zn content is twice the value reported for European chestnuts. This work would be a valuable reference to chestnut quality for the food processing industry, nutritionists, breeders and growers alike. #
Benfeita and the highest, 59% in Lamela. Breisch (1995) explained the general values for the main chestnut nutrients and this work has formed the main basis for the current studies.
Although the selection of chestnut cultivars in Spain were made by nut quality such as big nut size, small number of polyembryonic nuts, and often for early harvesting (Ramos-Cabrer and Pereira-Lorenzo, in press), growers pointed out that some of the Spanish cultivars were sweeter or more easily digestible than others. We analysed the chestnut nutrients in order to assess if selection in respect to a scientific composition as a valuable resource for nutritionists, breeders and growers could be useful. This is the first comparative study of nutrient composition of Spanish chestnut cultivars from North to South and differentiating the main Spanish cultivars by their nutrient composition. It also provides a useful reference to the quality of each chestnut cultivar for the food processing industry, growers and breeders.
Materials and methods

Plant material
In this study, we have included 47 cultivars from six chestnut Spanish regions (Table 1 ; Fig. 1 ) (Pereira-Lorenzo et al., 2001a,b) : 14 cultivars from Galicia, 9 from Asturias, 10 from Andalucía, 6 from Castilla-León (El Bierzo), 6 from Canary Islands (Tenerife) and 2 from Extremadura. These selected cultivars correspond to the most important cultivars in Spanish chestnut production. They were previously evaluated by morphology and isoenzymes to select the best cultivars in Galicia (Pereira-Lorenzo et al., 1996a,b; Ramos-Cabrer and Pereira-Lorenzo, in press ). For statistical purpose, more than one tree was sampled for each cultivar, with a total of 131 samples analysed from these 47 cultivars.
Samples
One kilogram of chestnuts were collected in different regions of Spain at harvesting time (Pereira-Lorenzo et al., 2001a,b) and stored at 4 8C. Within a week, nuts were hand peeled, weighed and dried in an oven at 80 8C until a constant weight was reached to determine the moisture content. All samples were ground to flour for further analysis in Laboratorio Agrario e Fitopatolóxico de Galicia, Xunta de Galicia. Starch and total sugar content were assessed by a polarimeter using the Spanish Official Methodology (BOE, 2000) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined by the Van Soest detergent system (Van Soest et al., 1991) and crude fibre by AOAC (1990) . For all fractions, fibres were determined using a Fibretec System (FOSS-Tecator). Fat content was estimated using a Soxtec System (FOSS-Tecator) (BOE, 1995) . Crude protein was estimated as N-Kjeldahl applying 5.3 as a multiplicative factor (McCarthy and Meredith, 1988 ) using a digestor Gerhardt (BOE, 1995) . Ash content was obtained by Spanish Official Methodology (BOE, 1995) . Macro and microelements Ca, Mg, Na, K, Cu, Fe, Mn and Zn were determined by atomic absorption (AOAC, 1984) and P was estimated using a spectrophotometer UV-vis (BOE, 1995) .
Statistical analysis
An analysis of variance (ANOVA) was conducted to estimate the effects of the region and the cultivar within region. The procedure PROC GLM of SAS for unbalanced data (SAS, 1988) was used according to the following model equation:
where Xi(m)j is the observation of the Cultivar i (i = 1-14) within the Region m (m = 1-6) and the sample j (j = 1-7); m is the mean of all the observations; Rm, Ci(m) and e i(m)jk are the effects of the Region m, the Accession i within the Region m and the error associated to the sample k in the observation i(m)j, respectively. Student-Newman-Keuls multiple range test was used to indicate significant differences between means at the 5% level.
Pearson correlation coefficients were estimated for the environmental variables as annual average temperature, annual average rainfall, average rainfall during the summer period, and all the chemical components analysed in order to find possible relationships. In addition, Pearson correlation coefficients were estimated for the altitude and harvesting period of each sample with each chemical determination.
A principal components analysis (PCA) on the correlation matrix of the clone means of the nine main nutrients were carried out using the procedure PRINCOMP of SAS (SAS, Asturias Chamberga (2), Doriga (2), Leinova (3), Llanisca (2), Mourisco (2), Rapuga (2), Valduna (2), Verdeta (2), Zapatona (3) 9 2 0
Canary Islands (Tenerife) Castagrande (2), De Sala (2), Del Haya (2), Manso (2), Mulato (2), Redonda (2) 6 12 Castilla-León (El Bierzo) Injerta (2), Marela (2), Negral (6), Parede (2), Rapada (2), Verdello (3) 6 17 Extremadura Injerta (3), Verata (2) 2 5 Galicia Amarelante (5), Famosa (5), Garrida (2), Inxerta (2), Longal (2), Loura (3), Luguesa (4), Marela (2), Negral (4), Parede (7), Presa (3), Raigona (3), Ventura (4), Verde (3) 14 49
Spain 47 131 1988) in order to show the variability between cultivars for those compounds.
Results and discussion
Some of the traits studied showed significant differences in both regions and cultivars (Tables 2-4). This corresponds with the high genetic diversity found between chestnut cultivars but also between regions due to the range of climatic conditions from Northern Spain to Canary Islands (Ramos-Cabrer and Pereira-Lorenzo, in press). Low Pearson correlations between environmental parameters, altitude and harvesting period and cultivars, demonstrated that the main differences between regions were due to the genetic differences found between the cultivars. The differences can be exploited for selection of cultivars for regional breeding purposes as well as for the growers targeting the market requirement.
Proximate analysis
Chestnuts have a very high moisture content, over 50% (Ensminger et al., 1995) . High moisture content is essential for storage supply to the fresh market, but it also presents a mould problem during storage and delivery. The average moisture content of chestnuts in Spain was 54%, close to the mean value referred to by McCarthy and Meredith (1988) and Breisch (1995) for European chestnuts; the range of which is between 49 and 60% for adequate conservation. These values were higher than American and Chinese chestnuts, with 44% (McCarthy and Meredith, 1988 ). Significant regional differences were observed on average moisture content of nuts from South to North of the Iberian Peninsula. Andalucía (Southern Spain) and Extremadura (Central Spain) produced the nuts with lowest moisture content, whilst Canary Islands showed an intermediate situation, and Northern regions, such as Asturias, Castilla-León (El Bierzo) and Galicia showed the highest. The Pearson correlation between summer rainfall and moisture content was low but significant, 0.54 (P < 0.001). Some of the main cultivars of Central Andalucía; Pilonga, Temprana and Capilla, and Injerta from Extemadura, which produce big nuts, presented less than 49% in moisture content (Table 2) .
Chestnuts store a reserve in the form of starch in cotyledons, and the content is three-to four-fold higher than found in other nuts (Ensminger et al., 1995) . Average starch content for Spanish chestnuts was 57% ( ns: non significant. a For each column, means with different letters are significantly different (P = 0.05) according to Student-Newman-Keuls multiple range test. * Significant at P 0.05, respectively. *** Significant at P 0.01, respectively. **** Significant at P 0.0001, respectively. pure species 50% for C. dentata, 49% for C. mollissima and 40% for C. sativa (data refers to dry matter). Significantly lower starch content was found in cultivars from Canary Islands in comparison with the other regions (46%) where it was Redonda which showed the lowest starch content (42%). Highest average starch content per region was found in Galician cultivars (60%), where the cultivar Longal showed the highest value (67%); a higher value than previously reported by Ferreira-Cardoso et al. (1993) for the Portuguese Longal (53-55%). This higher starch content should be taken into account in selecting cultivars for flour production or for animal feed. Starch is partially hydrolysed into total sugars, which gives sweetness to chestnuts ( Table 2 ). The Pearson correlation between starch and total sugars was very high, À0.88 (P < 0.0001). Canary Islands showed highest and significant total sugar content of 21%, and Andalucía, Extremadura and Galicia the lowest with 14%, the average for Spain being 15%. The long held myth by growers that smaller nuts are sweeter has not been observed in the current results with a low correlation between total sugar content and nut weight.
Crude fibre did not show significant differences between regions or cultivars within regions and agreed with the results of acid detergent fibre and neutral detergent fibre showing the highest values for chestnuts from Andalucía, 2.9%, and the lowest from Extremadura, 2.5% (Table 3) . Our values of crude fibre were higher than those obtained by McCarthy and Meredith (1988) for European chestnut (1.4%), Chinese (1.6%) and American (1.9%). Chestnuts show similar contents of crude fibre to other nuts; walnuts (2.1%), pecans (2.3%) and pistachios (1.9%) but smaller than hazelnuts (6.1%) (Ensminger et al., 1995) . Nuts are generally recommended, with vegetables, fruits and cereal products, to increase the fibre in the diet (Ensminger et al., 1995) , although it can reduce the interest in respect of some cultivars for animal feed.
When the crude fibre system was developed, it was thought to represent most of the cell wall portion of the forage. However, it was later discovered that it had not accounted for some of the hemicellulose and lignin components. The fibre detergent system was used for determining the cell wall matrix and estimating its major subcomponents: hemicellulose, cellulose and lignin. The ADF residue recovers lignin, cellulose and the least digestible noncarbohydrate fractions and is widely used as a quick estimation of fibre in feeds, often substituting for crude fibre as part of a proximate analysis (Van Soest, 1994) . ADF was correlated with crude fibre in our work (0.64, P < 0.0001). The average value for Spain was 3% with a significantly low value of 2.7-2.8 for Extremadura and Galicia and a maximum of 3.5% in Andalucía (Table 3) .
Neutral detergent fibre fraction is defined by Van Soest (1994) as the percentage of cell wall material or plant structure in a feed. NDF recovers the major cell wall components lignin, cellulose and hemicellulose, and also contains minor cell wall components, including some protein and bound nitrogen, minerals and cuticle but pectins are removed. Normally, NDF is inversely related to intake, therefore, a low percentage of NDF is desirable to get a good intestine digestion. No significant differences were found between regions. The lowest value corresponded for Extremadura with 16%, the same as in Asturias, being the highest in Andalucía with 18% (Table 3) . Strong differences between cultivars were found, 9.4% for Capilla and 28.5% for Pilonga, both from Andalucía.
Fat content in chestnuts is low but of high quality with a value 2-3% according to Breisch (Breisch, 1995) , McCarthy and Meredith (1988) and Ensminger et al. (1995) , in comparison with other nuts such as almonds (53.9%), hazelnuts (35.9%) or walnuts (63.4%). For Spanish chestnuts, the average value was 3.0%, with a range from 2.8% in Extremadura to 3.2% in Asturias (Table 3 ). Significant differences were found between cultivars, with the lowest value for Llanisca from Asturias, 1.7%, and the highest for Pilonga and Parede from Andalucía and Galicia, respectively, both with 4.0%.
No significant differences were found in crude protein content between regions or cultivars, the average value of 5.8% in Spain (Table 3) , much higher than the 2.9% reported by Ensminger et al. (1995) and similar to the values between 3 and 6% showed by Breisch (1995) . This protein content is lower than other nuts such as almonds (19%) or walnuts (21%) and legumes (over 20%) (Ensminger et al., 1995) . Between cultivars, Chamberga showed the lowest value with 4.5% and the highest by Dieguina with 9.6%. Our results did not reveal any relationship between protein content of chestnuts and soil type as reported by Gomes et al. (1997) and De La Montaña Míguelez et al. (2004) .
Ash content is low in chestnuts, between 1.8 (cv. Injerta, Extremadura) and 3.2% (cv. Dieguina, Andalucía), with an average value of 2.3% for Spain (Table 3) . These values were higher than those reported by McCarthy and Meredith (1988) and Breisch (1995) . Breisch (1995) indicated that the main macrominerals are Potassium, Phosphorus, Calcium and Magnesium and our results also agree with an average for Spain of 0.900% (from 0.789% for cv. Parede from Galicia to 1.130% for cv. Dieguina from Andalucía), 0.188% (from 0.110% for cv. Verata from Extremadura to 0.305% for cv. Inxerta from Galicia), 0.042% (from 0.026% for cv. Longal to 0.072% for cv. Verde, both in Galicia) and 0.068% (from 0.049% for cv. Longal from Galicia to 0.100% for cv. Dieguina from Andalucía), respectively (Table 4) . Average level for Sodium in Spain has been 0.008% with a minimum of 0.003% for cv. Negral, from Galicia and El Bierzo, cv. Helechal from Andalucía and cv. Doriga from Asturias, and a maximum of 0.024% for cv. Famosa from Galicia.
Mineral content
For the microelements, Manganese was the most important mineral with 38.7 ppm on average for Spanish chestnuts, followed by Iron, 18.1 ppm; Zinc, 12.3 ppm; and Copper, 7.1 ppm (Table 4 ). Significant differences were found between cultivars in Manganese content with a range from 17.0 ppm (cv. Rapada, Castilla-León) to 124 ppm (cv. Llanisca, Asturias). All values were higher than those reported by Breisch (1995) and it is as good a source of Manganese as wheat or peanut (Ensminger et al., 1995) . No significant differences were found between regions and cultivars for Iron with 18.1 ppm (from 14.0 ppm for cv. Inxerta from Galicia to 23.8 ppm for cv. Doriga from Asturias), Zinc with 12.3 ppm (from 10 ppm for cv. Verdello from CastillaLeón to 19 ppm for cv. Verde from Galicia), and Copper with 7.1 ppm (from 5.5 ppm for cv. Garrida from Galicia to 10.3 ppm for cv. Doriga from Asturias). Iron values were lower that those showed by Breisch (1995) and closer to Ensminger et al. (1995) and those values reported by McCarthy and Meredith (1988) for American and Chinese chestnuts. Zinc values were double to those reported by Breisch (1995) and Ensminger et al. (1995) and similar to American and Chinese nuts (McCarthy and Meredith, 1995) . Copper contents were lower than those found by Breisch (1995) and Ensminger et al. (1995) and higher than those reported by McCarthy and Meredith (1988) for American and Chinese chestnuts. Correlations between minerals and environment were low and not significant, indicating that differences founds between cultivars were due to genetic differences.
Classification by multivariate analysis
Using principal component analysis to classify cultivars and regions according to the main nutrient components, we have found that the three main principal components with 18 values over 1, accumulated more than 70% of the variance. First principal component (PC) discriminated positively to cultivars with high contents of soluble sugars and ADF and negatively the cultivars with lower starch content. Second PC scores cultivars with high ash and protein contents positively and high fat content negatively. Third PC scatters positively cultivars with high crude fibre contents and negatively those with high sugar content. Cultivars such as Capilla, Temprana and Tomasa from Andalucía showed the highest total sugar contents (positive PC1), and Dieguina a lower value (negative PC1) combined with a high content of ashes and proteins (PC2 positively, Fig. 2 ). In Asturias, Zapatona was the most unusual cultivar with very high content of ashes and protein (positive PC2). Cultivars from Galicia showed the highest starch content (negative PC1) in Longal, Injerta and Garrida. Cultivar Injerta from Castilla-León (El Bierzo) had the highest content of soluble sugars (positive PC1) and as well as for ashes and proteins (positive PC2).
Conclusions
The variabilities found in nutrient composition between cultivars and between regions correspond to the high genetic diversity found between cultivars, previously verified by morphology and molecular markers (Ramos-Cabrer and Pereira-Lorenzo, in press). This variability in nutrients can be useful for selecting specific cultivars for the market, such as flour production. For example, breeding programs with cultivars Longal, Inxerta and Garrida are suited to industry purposes due to their high starch contents. Cultivars as Pilonga, Temprana and Capilla presented low moisture contents that reduce their suitability for fresh market conservation. In addition, cv. Pilonga showed high fibre content that reduces its digestibility and makes it unfavorable to the consumer.
